The alterations in local cerebral glucose utilisation in eight discrete nuclei in the thalamus following the administration of apomorphine (0,5 mg kg-1) have been investigated with the auto radiographic 2-j:leoxyglucose tech nique in 11 conscious rats, In two thalamic nuclei (parafascicular and ven trolateral nuclei), glucose utilisation was significantly elevated following apomorphine; in two thalamic nuclei (the anterior medial and anterior ventral nuclei), glucose utilisation was significantly reduced following apomorphine; and in four nuclei (lateral geniculate, medial geniculate, mediodorsal, and lat eral thalamic nuclei), glucose use was unchanged, Key Words: Thalamus Deoxyglucose-Apomorphine.
Neuropharmacological investigations employing the auto radiographic 2-deoxyglucose technique (Sokoloff et aI., 1977) have provided definitive demonstrations that dopaminergic agonists and antagonists may modify functional processes in a number of regions (such as subthalamic nucleus, lateral habenular nucleus, rostral neocortex, lamina VI) that had hitherto received minimal attention in relation to the central actions of these agents (Brown and Wolfson, 1978; McCulloch et aI., 1979 McCulloch et aI., , 1980 . In the present study, we have made use of the deoxyglucose technique to examine rates of glucose utilisation in eight thalamic nuclei following the ad ministration of the putative dopaminergic agonist apomorphine in an attempt to provide direct evi dence of the functional involvement of the thalamu� in the action of apomorphine.
METHODS
The experiments were performed on 11 normal Sprague-Dawley male rats weighing approximately 350 g. On the day of the experiment, catheters were inserted under light halothane anaesthesia into one femoral vein (for the administration of drugs and 2-deoxyglucose) and one femoral artery (for timed sampling of arterial blood and intermittent mon itoring of arterial blood pressure). The halothane was discontinued and the animals allowed to recover for at least 2 h. The rats were restrained by a loose-fitting cast around the lower abdomen and pelvis.
A detailed description of the theory and proce dure of the deoxyglucose method for the measure ment of the rates of local cerebral glucose utilisation has been published (Sokoloff et aI., 1977) . Briefly, a pulse of [14C]2-deoxyglucose, 125 /LCi/kg, was in jected intravenously, and timed samples of arterial blood were drawn during the succeeding 45 min. Arterial plasma was separated by centrifugation, and the plasma levels of [14C]2-deoxyglucose and 1. McCULLOCH AND P. A. T. KELLY glucose were determined by liquid scintillation counting and the glucose oxidase technique, re spectively. At the end of the 45 min sampling pe riod, the rats were decapitated and the brains re moved and frozen. The brains were then sectioned (20 M-m) in a cryostat ( -22°C), and auto radiographs were prepared from the sections with Kodak SB-5 X-ray film. To permit quantification, a series of nine precalibrated [14C]methylmethacrylate standards (concentration range, 40-1, 175 nCi/g) were pro cessed with each autoradiogram. The 14C concentra tions in cerebral tissue were determined by quan titative densitometry with reference to the radioac tive standards. A minimum of 12 determinations of optical density were made on six different CNS sections containing each thalamic nucleus in each animal with reference to the atlas of Konig and Klip pel (1967) . The local rates of glucose utilisation were computed from the local 14C tissue concentra tions and the time courses of arterial plasma [14C]2-deoxyglucose and glucose concentrations by means of the operational equation of the method (Sokoloff et aI., 1977) . Apomorphine (0.5 mg/kg) was injected intravenously 10 min prior to the ad ministration of [14C]deoxyglucose. Statistical com parison was performed by means of Student's t-test for grouped data.
RESULTS
The administration of apomorphine was as sociated with specific alterations in glucose use in some of the thalamic nuclei investigated. Glucose utilisation following apomorphine was significantly increased in the parafascicular nucleus ( + 32%) and the ventrolateral nucleus (+ 51 %) ( Table 1 ). Signifi- Data are from 6 animals (saline) and 5 animals (apomorphine) and are presented as means ± SEM.
" p < 0.05, b P < 0.01 vs. saline controls.
cant reductions in glucose utilisation were observed in anterior nuclear complex (-+25%), whereas in four other regions of the thalamus, glucose use was unaltered by apomorphine. The alterations in glu cose use in the anterior (Fig. 1) and posterior ( Fig.  2 ) thalamus could be discerned readily from visual inspection of the autoradiographs. All animals that received apomorphine displayed mild stereotyped behaviour (sniffing, licking, etc,) during the course of the measurement of glucose utilisation. Arterial plasma glucose was significantly elevated (p < 0.001) following apomorphine (from 9.0 ± 0.4 mM in saline-treated animals to 14.1 ± 0.8 mM in animals receiving apomorphine).
DISCUSSION
Few regions of the thalamus are innervated by dopaminergic nerve fibres (Lindvall et aI., 1974b) , and the thalamus contains little or no specific dopaminergic receptors (Fields et aI., 1977) . How ever, it should be emphasised that the presence of alterations in glucose utilisation in a region follow ing systemic administration of a specific receptor agonist or antagonist is not indicative of the pres ence of receptors intrinsic to that region. Rather, the alterations in glucose use appear to represent functional involvement of the region in the overall response to a pharmacologically active agent (Sokoloff, 1981) . Thus, the present study provides evidence of the involvement of four thalamic nuclei in response to apomorphine administration.
Of the thalamic nuclei examined in this study, the parafascicular nucleus is the only region in which dopaminergic fibres have been tentatively identified (Lindvall et aI., 1974b) . In addition to the afferents this nucleus receives from the substantia nigra (Beckstead et aI., 1979) , it is the origin of the puta tive cholinergic projection from the medial thalamus to the caudate nucleus (Simke and Saelens, 1977) . Moreover, considerable behavioural evidence has emphasised the importance of the parafascicular nucleus to striatal functions (Cools, 1979) . The di rect demonstration in the present study of the func tional involvement, on the basis of altered glucose utilisation, of the parafascicular nucleus in the ac tions of apomorphine would thus be consistent with previous behavioural and neuroanatomical investi gations.
A number of recent investigations have pointed to the importance of the ventral thalamus in relation to nigrostriatal function, particularly the involvement of the putatively y-aminobutyric acid pathway from the pars reticulata of the substantia nigra to the ventromedial nucleus of the thalamus (Beckstead et aL, 1979; Di Chiara et aL, 1979) . In the present studies, the increased glucose utilisation following apomorphine was not restricted to the ventrolateral component, but appeared to involve the entire ven tral nuclear complex. The ventrolateral nucleus of the thalamus receives extensive, indirect connec- tions from the striatum via the globus pallidus (Nauta and Domesick, 1979) . The increased glucose use it: this region following apomorphine may re flect an increase in activity of a striatal-pallidal ventral thalamic pathway initiated via a primary ac tivation of dopaminergic receptors in the striatum by apomorphine. Moreover, in view of the similar ities between the distribution of apomorphine induced increases in glucose utilisation in cortical laminae IV and VI (McCulloch et aI., 1979) and the topography of the cortical projection from the ventrolateral nucleus (Krettek and Price, 1977) , this thalamic nucleus would appear to play a major role in the alterations in cortical function associated with pharmacological manipulation of dopaminergic re ceptors.
The existence of extensive connections between the anterior thalamic nuclear complex and the cin gulate gyrus has been delineated in considerable detail. In rodents, the anterior medial nucleus pro jects principally to the anterior cingulate cortex (Beckstead, 1976) , which is rich in dopaminergic innervation and receptors (Lindvall et aI., 1974a; Tassin et aI., 1978) , whereas the anterior ventral nucleus projects principally to the posterior cingu late cortex (Beckstead, 1976) , which contains few dopaminergic receptors. In the present studies, both anterior and posterior portions of the cingulate gyrus displayed significant reductions in glucose use following apomorphine (by 23 and 25%, respec tively). Thus, in the ventrolateral-sensorimotor cortex, anterior medial-anterior cingulate cortex, and anterior ventral-posterior cingulate cortex, par allel alterations in glucose utilisation occur follow ing apomorphine within the thalamic nucleus and within the cortical region to which the nucleus pro jects (McCulloch et aI., 1979) . Moreover, glucose utilisation was not significantly altered following apomorphine in those cortical areas (primary visual, primary auditory, posterior parietal, and prefrontal cortices) (McCulloch et aI., 1979) whose principal thalamic input displayed no significant alteration in glucose use (lateral geniculate, medial geniculate, and lateral and mediodorsal nuclei).
The marked alterations of glucose utilisation in the epithalamus (McCulloch et a\. , 1980) and subthalamus (Brown and Wolfson, 1978) have been emphasised in previous investigations of the action of apomorphine. The specific increases and de creases in glucose use observed in the present studies indicate considerable thalamic involvement in the action of apomorphine.
